Introduction
Porous coordination polymers (PCPs) have recently attracted considerable attention because of their unique gas adsorption properties, controllable frameworks and pores, among other 20 characteristics. [1] [2] [3] Because of the momentous effort that has been devoted to achieving large surface areas, 1 strong host-guest interactions 2 and high catalytic activities, 3 PCPs are now one of the most attractive materials for use as adsorbents and heterogeneous catalysts. One approach to creating new intelligent 25 materials based on PCPs involves adding a guest sensing function by which the PCPs can indicate the kinds and/or amounts of adsorbed guest molecules by a visual response. Generally, the host-guest interactions in PCPs are not strong enough to affect the electronic transition in the host framework, which is usually 30 observed in UV-Vis range. The utilization of chromophores and/or luminophores as bridging ligands is a promising method for realizing such intelligent absorbents. In fact, several groups have reported luminescent PCPs constructed from luminescent organic ligands; these PCPs show strongly guest-dependent 35 emission properties that may be applicable to chemical sensors. [4] [5] Square-planar Pt(II)-diimine complexes are known to show interesting optical properties such as strong phosphorescence, colourful vapochromism etc., [6] [7] [8] and accordingly, our recent efforts have focused on the development of multichromic PCPs 40 constructed with Pt(II)-diimine-based metalloligands. The key factor determining the characteristic properties of these complexes is the metallophilic interaction between the 5dz 2 orbitals of the Pt(II) ions which generates the emissive metalmetal-to-ligand charge transfer (MMLCT) state. 7 The energy 
Powder X-ray diffraction

60
Powder X-ray diffraction measurements were performed using a Rigaku SPD diffractometer at beamline BL-8B, Photon Factory, KEK, Japan. The wavelength of the synchrotron X-ray was 1.200(1) Å. The sample was placed in a glass capillary of 0.5 mm diameter.
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Photophysical measurements
Emission and excitation spectra were recorded under various conditions on a Jasco FP-6600 spectrofluorometer. The sample temperature was controlled by a JASCO ETC-273 Peltier-type temperature controller. About 1 mg of the sample was placed in a 70 glass capillary with a diameter of 0.5 mm. The slit widths of excitation and emission light were 5 and 6 nm, respectively. The luminescence quantum efficiency was recorded on a HAMAMATSU C9920-02 absolute photoluminescence quantum yield measurement system equipped with integrating sphere 
Thermogravimetric analysis
Thermogravimetry and differential thermal analysis were performed using a Rigaku ThermoEvo TG8120 analyzer.
Adsorption Isotherms
The adsorption isotherms for water and MeOH vapours at 298 K 85 were performed using an automatic volumetric adsorption apparatus (BELSORP-MAX and BELSORP-aqua; BEL Japan, Inc.)
Results and Discussion
Structures
90
The reactions between K 2 [Pt(CN) 2 (5,5′-dcbpy)] and alkalineearth metal salts in aqueous solution led to immediate formation of the insoluble compounds, MPt⋅4H 2 O. Because these very fast reactions made it difficult to synthesize single crystals suitable for single crystal X-ray structural determination, the insoluble 95 compounds were characterized by powder X-ray diffraction (PXRD), IR spectroscopy and elemental analysis. Figure 2 shows the PXRD patterns of the four MPt4H 2 O complexes at room temperature compared with that of ZnPt4H 2 O for which single crystal XRD data had previously been obtained (Fig. 1) . All of 100 the observed PXRD patterns for MPt4H 2 O are very similar to each other and seem to be identical with the pattern of ZnPt4H 2 O. Elemental analyses suggest that the hydration numbers of each of these CPs is four which is also the same as that of ZnPt4H 2 O. In addition, the IR spectra of MPt4H 2 O are 105 almost identical to the spectrum of ZnPt4H 2 O (See Figure S1 ) including the splitting width of the (CN) bands, indicating that the cyano group does not coordinate to any of the metal ions. Thus, it can be concluded that the structures of these CPs are isomorphous with ZnPt4H 2 O in terms of the one-dimensional infinite coordination chains formed by alternate arrangements of alkaline-earth metal ions M 2+ and the Pt(II) metalloligands. 10 Metallophilic interactions between adjacent Pt(II) ions are operative along the b axis, in the structure of ZnPt⋅4H 2 O, with inter-nuclear distances of 3.309 Å, resulting in the orange colour of the solid. 12 The emission bands of all of the CPs shifted to longer wavelengths when the temperature was increased to 373 K. The original emission spectra at room temperature were regained after exposure of the complexes to water vapour at room temperature. Interestingly, the extent of the were performed in order to clarify the relationship between the red shift in the luminescence spectrum and the amount of water desorbed. As shown in Figure 4 , the alkaline-earth metal CPs also released water molecules upon increasing the temperature. 35 and the dielectric constants of the solvents are summarized in Table 2 . As shown in the mainframe and inset pictures of dimethylformamide (DMF). Similar red shift was observed in the UV-Vis diffuse reflectance spectrum of the MgPt4H 2 O suspended in DMF (see Figure S4 ). In contrast, the colour changes observed for SrPt4H 2 O and BaPt4H 2 O were less 50 distinctive than in the other two complexes. The emission maxima of the MPt4H 2 O CPs changed only marginally upon immersion in non-polar solvents such as hexane and toluene. Basically, the emission bands of the MPt4H 2 O CPs shifted to longer wavelengths upon immersion in highly-polar liquids, 55 except for water and MeOH, and the observed red-shifts seem to be proportional to the dielectric constants of the liquids (see Figure S2 ). In addition, these emission shifts were negligible in the solvents that contained 10% or more water (see Figure S3 ) and none of the MPt4H 2 O CPs are able to adsorb the vapours of 60 any of these liquids except for water and MeOH (discussed below). Thus, these solid state solvatochromic behaviours are thought to originate from the extraction of water molecules bound in the crystal lattice into highly-polar solvents as shown in Schemes 1(a) and (b), leading to the red shift of the 3 MMLCT 65 emission generated by enhancing the Pt-Pt interaction. The relatively large red-shifts observed for every MPt in low-polar THF suspension are probably due to the high affinity of THF to water (e.g. the very large solubility of THF to water). The thermochromic behaviours as well as the observed red shifts of 35 As mentioned in the Introduction, ZnPt can adsorb only water vapour. 9 The vapour adsorption isotherms of MPt were measured in order to evaluate the substitution effect of the bridging metal ions on the vapour-adsorption properties. Prior to these measurements, the samples were dried at 373 K under vacuum. 40 The observed weight losses in this drying process (13%, 13%, 11% and 10% for MgPt4H 2 O, CaPt4H 2 O, SrPt4H 2 O, and BaPt4H 2 O, respectively) suggest that each MPt4H 2 O CP released all of its water molecules to form anhydrous MPt. Figure 6(a) shows the water-vapour-adsorption isotherms of MPt 45 at 298 K. All of the CPs can adsorb water vapour from 4 to 5 molmol -1 at the saturated water vapour pressure. It should be emphasized that all of the MPt CPs except for ZnPt adsorbed water vapour in the very low pressure region below 0.1 P/P 0 , suggesting that the host-guest interaction between the MPt framework and water molecules is stronger than in ZnPt, consistent with the TG results. In addition, the saturated adsorption amounts are also different: Figure S3 ). Thus, we believe that the blue-shifts observed in the MeOH suspensions of MgPt4H 2 O and CaPt4H 2 O originate from the guest exchange reaction of water with MeOH as shown in Scheme 1(c). Although we also measured the EtOH vapour adsorption 25 isotherms for these CPs, the adsorbed amounts were negligibly small for all of the CPs (see Figure S5 ).
Vapour-adsorption properties
Substitution effect of the bridging metal ions
As discussed above, the chromic behaviours and vapouradsorption properties of MPt4H 2 O depend strongly on the 30 bridging metal ions in spite of their isomorphous structures. In this section, we discuss the substitution effect of the bridging metal ions. In the case of ZnPt4H 2 O, the Zn 2+ ion in the structure acted as the water adsorption site and the coordination geometry of Zn 2+ ion changed by desorption of the all water 35 molecules from 5-coordinated trigonal-bipyramid to 4-coordinated tetrahedron accompanied by the change of coordination mode of the carboxyl group from the monodentate to bidentate fashion. 9 Because the four MPt4H 2 O CPs are thought to be isomorphous with ZnPt4H 2 O, the bridging 40 alkaline-earth metal ions should also act as the vapour-adsorption sites. All anhydrous MPt CPs can adsorb MeOH vapour in contrast to the lack of adsorption ability of ZnPt to MeOH vapour. This adsorption capability for MeOH vapour may originate from the strong coordination abilities of the 45 coordinatively-unsaturated M 2+ ions. Although alkaline-earth metal ions rarely adopt the four-coordinate structure, the Zn 2+ ion is well known to be able to adopt the four-coordinate tetrahedral structure. Consequently, the bridging M 2+ ion in the anhydrous MPt would have strong adsorption ability on the basis of the 50 coordinatively-unsaturated structure. In fact, the adsorption amounts of water and MeOH vapours for all of the MPt CPs increased sharply in the very low vapour pressure region, suggesting chemical adsorption. MeOH) may be attributed to instability of vapour-adsorbed structure in these CPs. The lack of adsorption capability of every MPt with alkaline-earth metal ion for EtOH vapour suggests that the larger coordinating vapour molecules than MeOH would not be able to enter the vapour accessible channels around the M 2+ 85 ions, resulting in the negligible small vapour uptake. Thus, the adsorption properties of MPt depend strongly on the kinds of bridging metal ions which produces remarkable effects on the chromic behaviours of the complexes. studies on the synthesis of novel CPs composed of other Pt(II)-diimine-based metalloligands to achieve both gas sensing and adsorption functions are now in progress.
Conclusions
Materials Science) from MEXT, Japan. 
Notes and references
